The feasibility of using π ± K 0 S femtoscopy to experimentally study the K * 0 (700) resonance is considered. The K * 0 (700) resonance is challenging to study due to its broad width and proximity in mass to the K * (892), both of which predominantly decay via the πK channel. One of the main interests in the K * 0 (700) is that it is considered a candidate for a tetraquark state. It is proposed to use two-particle femtoscopic methods with π ± K 0 S pairs produced in proton-proton and heavy ion collisions assuming a strong final-state interaction between them due to elastic scattering and/or via the K * 0 (700) resonance. Calculations of π ± K 0 S correlation functions are made to estimate the strength of these final-state interactions and to see if this signal can be adequately separated from the K * (892) background. A possible signature of diquark versus tetraquark behavior of the K * 0 (700) final-state interaction is also discussed.
Introduction
The strange K * 0 (700) meson is listed in the 2018 Review of Particle Physics (RPP) with the qualifier "Needs confirmation" [1] . Selected primary information known about it from the RPP is: isospin, I = 1/2, average mass, m (700) = 824 ± 30 MeV/c 2 , and average width, Γ (700) = 478 ± 50 MeV/c 2 . This information is mostly obtained from experiments that study heavy particle decays into the kaon-pion channel, which appears to be its primary decay channel as is also the case for the well-studied K * (892) which is nearby in mass [2, 3] . The broad width of the K * 0 (700) along with its proximity to the much narrower K * (892) make it challenging to study since it appears as a "shoulder" of the K * (892) in the kaon-pion invariant mass distribution. The main interest in the K * 0 (700) is that its isospin, mass and decay channel fit nicely in the low-mass tetraquark nonet that has been predicted [4, 5] . However, no direct and convincing evidence of its tetraquark nature currently exists.
The ALICE collaboration at the Large Hadron Collider has endeavored to experimentally probe the quark nature of another of the mesons in the tetraquark nonet, the a 0 (980), using K 0 S K ± femtoscopy in pp collisions at √ s = 7 TeV [6] and Pb-Pb collisions at √ s NN = 2.76 TeV [7] . The idea was to study the a 0 (980) as the final-state interaction (FSI) between the kaons in the K 0 S K ± pair, the strength of the FSI being related to the quark nature of the a 0 (980). The authors conclude that their results suggest that the a 0 (980) is a tetraquark state.
The purpose of the present paper is to determine the feasibility of using femtoscopic methods similar to the ones used by the ALICE collaboration mentioned above in pp and heavy-ion collisions to experimentally study the K * 0 (700) via the
S channel is used so that no final-state Coulomb interaction is present between the particles. The π ± K 0 S correlation function will be calculated assuming an elastic FSI and a FSI through the K * 0 (700), both in the presence of the K * (892), to determine the strength of the FSI and the effect on the FSI signal of the K * (892) background. A possible signature of diquark versus tetraquark behavior of the K * 0 (700) final-state interaction will also be mentioned.
Calculational methods
The π ± K 0 S correlation function calculated in the present work, C(k * ), is the sum of the FSI contribution, C FSI (k * ), and K * (892) contribution, C ′ (892) (k * ), otherwise assuming a flat baseline,
where k * is the momentum of one of the particles in the pair reference frame. The calculation of these contributions is now separately described below.
Final-state interaction contribution to the correlation function
As was done by the ALICE collaboration in their a 0 (980) studies [6, 7] , the femtoscopic FSI contribution, C FSI (k * ), is calculated with the correlation function from R. Lednicky and is based on the model of R. Lednicky and V.L. Lyuboshitz [8, 9] (see also Ref. [10] ).
where
where f (k * ) is the scattering amplitude, α is the fraction of π ± K 0 S pairs that come from the π − K 0 or π + K 0 system, set to 0.5 assuming symmetry in K 0 and K 0 production [10] , R is the radius parameter assuming a spherical Gaussian source distribution, and λ is the correlation strength. The correlation strength is unity in the ideal case of pure FSI, which is assumed in the present work. Correlation functions are calculated using two different scattering amplitudes: resonant scattering through the K * 0 (700), and elastic scattering.
Resonant scattering through the K
The equation used for the scattering amplitude for resonant scattering through the K * 0 (700) was adapted from Eq. 11 in Ref. [10] ,
where, γ = m (700) Γ (700) /k (700) , k (700) is the decay momentum of a daughter in the pair frame in the K * 0 (700) decay, and
The RPP values stated earlier were used for m (700) and Γ (700) , and k (700) = 235.3 MeV/c.
Elastic scattering
For the FSI elastic scattering into isospin state I, the scattering amplitude equation for s-wave and small k * was used [11] ,
where a I is the scattering length for isospin state I. Since there are two possible isospin states for pion-kaon elastic scattering, I = 1/2 and I = 3/2, the scattering amplitude used in Eq. 2 was taken as the average of the two isospin states [10] ,
where the pion-kaon scattering lengths were taken from Ref. [11] , m π a 1/2 = 0.22 and m π a 3/2 = −0.054.
K * (892) contribution to the correlation function
The contribution to the π ± K 0 S correlation function from the decay of the K * (892) was calculated assuming a non-relativistic Breit-Wigner function for the pion-kaon invariant mass distribution, dN/dm [12] ,
where m (892) = 891.76 MeV/c 2 and Γ (892) = 50.3 MeV/c 2 are the mass and width of the K * (892) from the RPP. The contribution to the correlation function from this in terms of k * can be written as
where B is a normalization factor. An approximate value for B = 7.37×10
−3
GeV was obtained from the ALICE experiment that measured K * (892) 0 → π ± K ∓ production in 7 TeV pp collisions by estimating the ratio of the unlikecharged particles peak in the vicinity of the K * (892) 0 mass to the mixed-event background in the raw invariant mass distribution, Fig. 3 in Ref. [12] . The uncertainty in the scale of C ′ (892) (k * ) resulting from this procedure is estimated to be ±15%, which is judged to be sufficient for the present feasibility study. calculations represent those typically measured in heavy-ion collisions. The solid (blue) lines represent the full calculation whereas the dashed (red) lines represent the contribution from C FSI (k * ) only, i.e. Eq. 2. In each figure the peak of the K * (892) contribution is located at ∼ 0.3 GeV/c. Although the scale of C ′ (892) (k * ) was set using the results of a 7 TeV pp collisions experiment as described above, it is not expected to change significantly with bombarding energy or colliding species [13] .
Results
In Fig. 1 the resonant K * 0 (700) FSI is seen to give an enhancement near k * ∼ 0 that is larger or comparable to the K * (892) contribution for R = 1 and 2 fm and then decreasing in size as R increases. It is also seen that the FSI signal overlaps into the region of the K * but is well-separated from the K * (892) for R = 4 and 6 fm. The elastic scattering FSI used in the calculation of Fig. 2 gives a qualitatively different signal than seen in Fig. 1 in that it produces a depletion near k * ∼ 0 of smaller magnitude than the enhancement produced in the resonant K * 0 (700) FSI case. As also seen for the resonant K * 0 (700) FSI case, the magnitude of the elastic scattering signal reduces with increasing R and becomes better separated from the K * (892) peak. With these results, one can now try to evaluate the feasibility of carrying out π ± K 0 S femtoscopic experiments to study the K * 0 (700) in pp and/or heavyion collisions. It is assumed that an experimental π ± K 0 S correlation function can be constructed that is corrected for non-flat baseline effects, such as with a Monte Carlo calculation. Looking at Fig. 1 and 2 , it should be possible to distinguish between the two FSI cases since they have qualitatively different shapes. Also, the FSI signals are reasonably well-separated from the K * (892) peak. If it can be assumed that these are the only two FSI possibilities, a correlation function similar to Eq. 1 that combines both FSI cases could be fit to the experimental one, such as
where C res FSI (k * ) and C el FSI (k * ) are the resonant K * 0 (700) and elastic FSI versions of Eq. 2, and δ is a fit parameter that gives the fraction of each FSI case, i.e. for δ = 1 only the resonant K * 0 (700) FSI is present. The same arguments as used by the ALICE collaboration in considering whether or not the a 0 (980) is a tetraquark state can be applied to the K * 0 (700). If δ = 1 for heavyion collisions, this would be consistent with a tetraquark K * 0 (700) since it implies a direct transfer of the quarks in the π ± K 0 S system to the K * 0 (700), which is facilitated by the large size of the heavy-ion collisions interaction region since it is less likely for a dd annihilation. For pp collisions, the pion and neutral kaon are produced in close proximity to each other enhancing the probability for a dd annihilation that would compete with tetraquark formation but enhance a diquark K * 0 (700). Thus for the pp collision case δ = 1 would be consistent with a diquark K * 0 (700) whereas, δ < 1 would be consistent with a tetraquark K * 0 (700) (See Refs. [6, 7] for a more detailed presentation of these arguments).
On a technical note, it should be recalled that the results shown in Fig. 1  and 2 assume that the FSI correlation strength, λ in Eq. 2, is unity. Normally in femtoscopic experiments one measures λ < 1 due to the presence of long-lived resonances and non-Gaussian sources [7] , resulting in a smaller signal size than shown in the figures. Nevertheless, femtoscopic experiments routinely measure signals of this size or less, e.g. see Refs. [6, 7] , so this should not be a problem.
Summary
The feasibility of using π ± K 0 S femtoscopy to experimentally study the K * 0 (700) resonance was considered. The π ± K 0 S correlation function was calculated assuming an elastic FSI and a FSI through the K * 0 (700), both in the presence of the K * (892), to determine the strength of the FSI and the effect on the FSI signal of the presence of the K * (892) background. It was found that the resonant K * 0 (700) FSI is large and qualitatively different in shape compared with the elastic scattering FSI, making it possible to distinguish between the two. It was also found that the resonant K * 0 (700) FSI signal is sufficiently well separated from the K * (892) peak in the correlation function. It is thus judged to be feasible to experimentally carry out such a study. A possible signature of diquark versus tetraquark behavior of the K * 0 (700) final-state interaction that could be applied in such an experiment was also mentioned.
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